Traumatic brain injury (TBI) is a common injury in wartime. The notion that combat is a risk factor for TBI was recognized long ago, as indicated by the fact that soldiers throughout the world have been using helmets since ancient times. TBI is common in war because, as Carey (1987) wrote, "the head is preferentially exposed in combat as the soldier constantly monitors his environment by means of exteroceptive neurosensory structures (eyes, ears, and nose) in order to enhance his own survival" (p. 6). Ballistics researchers estimate that the head and neck together constitute 12% of the total body area that is exposed during combat, and yet 15% to 25% of the wounds incurred during combat in World War II, Korea, and Vietnam were to the headneck region (Carey 1987) . The only body region with a higher proportion of wounds in these wars was the extremities, which accounted for 53% to 55% of injuries (Carey 1987) .
that 19.5% screened positive for a war-related TBI (Schell and Marshall 2008) . Two other studies of Army personnel found that 15.2%-15.8% screened positive for TBI (Schell and Marshall 2008; Schwab et al. 2007 ). The lowest frequency of TBI was 12%, which was obtained from a sample of veterans from all service branches who were mailed TBI screening questionnaires (Hoge et al. 2008) . Each of these studies used the Brief Traumatic Brain Injury Screen (BTBIS) (Schwab et al. 2007 ) to screen for concussion. Two of the studies also used validated screening tools for posttraumatic stress disorder (PTSD) and depression, factoring these results as potential causes of symptoms. The slight variance in results across the three studies may be a reflection of method of screening (paper, telephone, face-to-face interview) and time since injury. The TBI reported in these studies are almost exclusively mild traumatic brain injury (mTBI). In early evaluations of combat-related TBI, a loss of consciousness (LOC) up to 60 minutes was considered mTBI. In October 2007, a Department of Defense-wide severity of injury was published that decreased the allowable time for LOC in mTBI to 30 minutes or less (Assistant Secretary of Defense 2007). The definitions for moderate and severe remained consistent, and although time parameters for LOC and alteration in consciousness (AOC) are provided, those with more evident injury are often classified by Glasgow Coma Scale scores. Schwab et al. (2007) found that only 2.1% of those who screened positive for war-related TBI had an injury that was greater than mild, and Hoge et al. (2008) found that only 1% of those who screened positive for TBI had an injury that was greater than mild. However, to best understand these screening results, it is important to realize that the majority of moderate and severe TBI are identified immediately and enter the trauma system of care; most are medically evacuated from the theater and are therefore not intended to be identified on routine screening measures. Furthermore, most of those with mild TBI on screening had the mildest form of mTBI. Schwab et al. (2007) found that 70% those with TBI had reported only AOC, such as being dazed or confused, "seeing stars," or having their "bell rung." Hoge et al. (2008) found that 68% of those who screened positive for TBI reported AOC, and Terrio et al. (2009) found that 63% of those with TBI reported only AOC.
Few data about those who were hospitalized for TBI from the current conflicts have been published. An analysis of data from 433 service members evacuated to the Walter Reed Army Medical Center (WRAMC) found that 88.5% had closed TBI (Warden et al. 2005) . Fifty-six percent of these injuries were moderate to severe (including penetrating), and 44% were mild (Warden et al. 2005) . Twenty-eight percent of those evacuated to WRAMC with combat injuries had TBI (Warden 2006) . It should be noted, when interpreting the data, that WRAMC is one of only three military treatment facilities that provide care for combat-related severe and penetrating TBI. In addition, isolated mTBI patients were not included in this study because they did not require hospitalization.
Blast is a common mechanism of injury in the setting of OIF/OEF. A study of a Marine Corps mechanized battalion stationed in Iraq found that 97% of combat injuries were caused by explosive weapons such as improvised explosive devices (IEDs) and mines and just 3% were caused by direct fire, such as being shot at (Gondusky and Reiter 2005) . Sixty-eight percent of those evacuated to WRAMC with a TBI were injured by a blast (Warden 2006) .
Among returning service members who were screened for TBI during the PDHA, 88% of those who reported being injured reported blast as a mechanism (Terrio et al. 2009 ). However, the screening surveys do not specify exactly which mechanism caused the TBI. Attributing combat-related TBI to a specific mechanism is often difficult because in the context of these current wars, many injuries are produced by "blast-plus," that is, injuries by blast/explosion in conjunction with motor vehicle crashes, falls, and fragmentation. Therefore, it is difficult to discern the true mechanical force by which the TBI occurred.
Acute postconcussive symptoms are common in service members with war-related TBI. Ninety-one percent of those with TBI treated at WRAMC had postconcussive symptoms (Warden et al. 2005) . Among those who screened positive for TBI during the PDHA at Fort Carson, Colorado, 92% reported having had postconcussive symptoms at the time of injury (Terrio et al. 2009 ). However, the proportion of service members who reported symptoms persisting until time of returning home was much smaller: 33% reported postconcussive symptoms during the PDHA (Terrio et al. 2009 ). In the Fort Carson sample, 39% of those who screened positive for TBI reported postconcussive symptoms at the time of screening after returning from theater, but only 11% of those injured without TBI reported symptoms (Terrio et al. 2009 ). Also of note from the Fort Carson study, the average time from date of injury to PDHA was 6.1 months. In the sample in Fort Bragg, North Carolina, 64% of those who screened positive for TBI reported three or more problematic postconcussive symptoms versus 41% of those who screened negative for TBI (Schwab et al. 2007 ).
Service members with war-related TBI are also at risk for psychiatric conditions. Returning service members who screened positive for TBI were more likely to have psychiatric disorders than those who were injured but did not have an associated TBI (Hoge et al. 2008) . Furthermore, those who reported LOC were more likely to report a psychiatric disorder than those with AOC only (Hoge et al. 2008 ). In the WRAMC inpatient sample, 43% of those with TBI had a psychiatric disorder noted in their records, with depression being the most common disorder (Warden et al. 2005) . Among those who were not hospitalized for their TBI and who returned with their units, PTSD was the most common psychiatric disorder (Hoge et al. 2008) . PTSD is a frequent cause of postconcussive-type complaints in patients screening negative for TBI (Hoge et al. 2008; Schneiderman et al. 2008 ) (see also Chapter 12, Posttraumatic Stress Disorder, in this volume).
MECHANISMS OF INJURY
In the conflicts of OIF/OEF there have been an array of weapon mechanisms that lead to varying levels of TBI severity. Despite many developments in body armor and helmet technology, TBI among wounded soldiers has been estimated to be as high as 22% (Okie 2005) . Of service members medically evacuated with battle-related injuries from the deployed setting to WRAMC, 31% had a TBI (DVBIC 2008) . The top three primary injury agents include 55% blast (IED, rocket-propelled grenades, mortars, mines, bombs, grenades), 27% multiple mechanisms of injury, and 7% vehicular injury (DVBIC 2008) . According to a report by Galarneau et al. (2008) , IEDs were responsible for far more TBI diagnoses among those wounded or killed in action than any other mechanism of injury, including bullet wounds.
There is increasing awareness of another class of injury, referred to as a "blast TBI" (Ling 2008 ). This injury results from proximity to explosion or blast.
In the current conflicts, blast injuries resulting from IEDs are extremely prevalent, but their influence on traditional biomechanical dynamics of brain injury is yet unclear (Taber et al. 2006) . There is some discussion that this may be the same injury that was described as "shell shock" during World Wars I and II. Studies estimate that the rate blasts result in brain injuries is approximately 60% (Galarneau et al. 2008) . Multiple mechanisms can contribute to blast brain injury. Primary blast injury to the brain is hypothesized to result from direct exposure to overpressure or negative pressure waves that follow an explosion (Mayorga 1997) . Initially, primary blast injury was thought to be a rare cause of TBI, although it is a well-known cause of injuries to air-filled organs such as the lungs, gut, and ears. However, there is mounting evidence that primary blast injury affects organs with fluid interfaces that allow transfer of kinetic energy. It is hypothesized that this likely results in diffuse axonal injury in the brain and spinal cord. Preliminary results from diffusion tensor imaging studies indicate significant differences in fractional anisotropy in service members with blast TBI versus blunt TBI (C. MacDonald, "Diffusion Tensor Imaging in TBI." Unpublished data, 2010). Secondary blast injury results when the explosive force energizes surrounding objects, setting them in motion. As these objects strike a person, injury occurs. This injury pattern is typically seen in the neck and surrounding objects, setting them in motion. As these objects strike a person, injury occurs. This injury pattern is typically seen in the neck and extremities because these areas are not completely covered by body armor. Tertiary injury results when kinetic injury from the explosion causes a person to be thrown into a stationary object. Burns and inhalation of gases or other toxic substances produce the fourth category of blast injury, quaternary injury.
Traditional acceleration/deceleration injuries also occur in combat settings. Typically resulting from motor vehicle collisions or falls, these injuries are similar to those seen in the civilian setting. Penetrating brain injury can occur as a result of traditional gunfire or from secondary blast effects. This may result in minor to severe cerebral dysfunction. Data from Armonda et al. (2006) demonstrate that patients with penetrating injury are at increased risk for cerebral vasospasm and pseudoaneurysm compared with patients with blunt TBI.
In many patients who sustain combat-related brain injury, multiple mechanisms of injury are present. For example, the detonation of explosive devices commonly affects moving vehicles. As the explosion takes place, blast-related phenomena occur. In rapid succession, the vehicle may strike another stationary object, leading to the development of acceleration/deceleration-type injuries.
SETTINGS OF CARE
Combat-related TBI management is provided at different levels of care (Albertson et al. 2004) . Initial TBI management in the deployed setting begins on the battlefield (Level I) in the form of buddy aid. First and foremost, this involves cover-fire and evacuation to safety and stabilization of serious injury.
Special Forces (SEALS, Rangers) units are often trained in more advanced life support measures. As soon as the mission allows, the injured are evacuated from the battlefield to higher levels of care. The Battalion Aid Station (BAS), also considered Level I care, provides triage, minor treatment, and evacuation capabilities. The BAS is generally staffed by medics, physician assistants, and occasionally physicians. At this level, TBI care is limited to observation, rest, and management of noncritical symptoms (e.g., headache). In the event that more intensive evaluation or treatment is necessary, evacuation to higher echelons occurs. This evacuation does not always occur in a linear fashion but rather to the facility that allows safe and rapid transport.
Level II facilities offer basic medical care, basic diagnostic capabilities, and in some cases life-saving surgery. There is limited inpatient bed space, and therefore, holding times are limited to 72 hours. These facilities are highly mobile and may relocate on the basis of operational needs. 
SCREENING
TBI screening is performed at many locations and at all levels of care within the military. Screening is performed in-theater as soon as possible after an injury-causing event by field medics/corpsmen as well as at higher-echelon medical facilities such as combat support hospitals. Screening is also performed in those medically evacuated from theater for injury (battle or nonbattle) or disease, at Landstuhl Regional Medical Center, to identify comorbid TBI that may not have been identified prior to medical evacuation from theater for other injuries. In addition, service members are screened The screening tools used at other locations are variants of the Brief Traumatic Brain Injury Screen (BTBIS) (Figure 26-3) . The BTBIS questions are designed to ascertain whether a service member had an injury that at least met the criteria for mTBI that were established by the American Congress of Rehabilitative Medicine (Kay et al. 1993) . Service members who report having an injury event that results in one or more of the above characteristics are considered to have screened positive for a possible TBI and are referred for further evaluation. The BTBIS also asks those who had a possible TBI about problematic postconcussive symptoms they are currently experiencing. Slight variants of these questions form the basis of screening tools used at the Landstuhl Regional Medical Center, during the PDHA and PDHRA, and at the VA. The questionnaires used during the PDHA and PDHRA and at the VA ask about the presence of symptoms at the time of injury and at the present. To screen positive on the VA questionnaire (Table 26- Studies have begun to provide preliminary evidence of the validity of the MACE and the BTBIS. In a recent study of service members with blast-related mTBI who were assessed within 24 hours of injury, the scores from the MACE's cognitive evaluation were significantly correlated with duration of LOC and the Repeatable Battery for the Assessment of Neuropsychological Status immediate memory factor (Grant et al., unpublished, 2008) . Previous studies have demonstrated the validity of the Standardized Assessment of Concussion for mTBI (McCrea et al. 1997 (McCrea et al. , 1998 Naunheim et al. 2008) . A study of the BTBIS found that 83% of a sample of Army soldiers who screened positive for war-related TBI had their TBI confirmed by a clinical interview (Hoge et al. 2008) . Clinical interview is the standard for diagnosing mTBI. The study also found that a significantly higher proportion of those who screened positive for war-related TBI (64%) had three or more problematic postconcussive symptoms after returning than those who screened negative for TBI (41%) (Hoge et al. 2008 ). Another study found that TBI, resulting in LOC as identified by the BTBIS, was an independent predictor of having three or more current postconcussive symptoms when controlling for the presence of PTSD and demographic variables (Schneiderman et al.
having three or more current postconcussive symptoms when controlling for the presence of PTSD and demographic variables (Schneiderman et al. 2008) . Further validation studies of the MACE, BTBIS, and the VA TBI screening tool are currently under way.
TBI MANAGEMENT IN THE MILITARY
As previously stated, medical management of severe and moderate TBI begins on the battlefield and in rapid triage and evacuation. Neurosurgical and critical care management varies little from that of similar civilian injuries with one exception. Decompressive craniectomies are widely used for patients with potential ICP problems. This minimizes ICP elevations that may occur during times when other intervention may be limited (i.e., during transport).
Once stabilized, these patients are considered for either autologous or synthetic bone flap replacement. This typically occurs after the patient's physical condition improves following inpatient rehabilitation at one of four designated Department of Veterans Affairs polytrauma rehabilitation centers (Table   26 -2). These facilities are staffed with highly experienced personnel skilled in treating this unique population.
The greatest numbers of service members sustain concussion. Those who present for medical attention are screened and assessed for the presence of concussion-related symptoms (Figure 26-4) . During the exam, if red flags are noted, patients are transferred to medical facilities that have CT capability for further evaluation. In the absence of red flags, efforts are made to manage these patients locally for up to 14 days. Service members are placed on duty restrictions for at least 24 hours, longer if symptoms persist. Once asymptomatic, exertional testing is performed. This procedure uses principles from the cardiac literature, in which patients exercise to their target heart rate. Following the exercise, a brief cognitive exam (Standardized Assessment of Concussion or similar) is given, and the patient is assessed for the recurrence of any symptoms. The presence of exercise-induced cognitive difficulties or symptom recurrence triggers ongoing duty restrictions. Absence of problems after exertional testing leads to the removal of duty restrictions. Service members with a diagnosis of concussion are given an information sheet and education in a context of expectation of recovery.
Those with ongoing symptoms are screened for comorbid psychological health issues, including depression and PTSD. Those patients not showing improvement within the specified time frame are then transferred to a Level III facility where further evaluation occurs. Neuropsychological testing may be done, and the previously established treatment plan may be modified. Ongoing symptoms at this time lead to evacuation out of the theater of operations. Management at the Level IV facility often involves magnetic resonance imaging (MRI), including gradient recall echo and diffusion-weighted imaging sequences, which are more sensitive to brain injury than conventional T1-and T2-weighted sequences. In addition, the patient is evaluated by a neurologist. This prompts the decision to either return to the combat setting or, more likely, return stateside for ongoing medical care. Clinical algorithms, based on available literature and expert consensus, are used to guide the management of all patients with combat-related TBI.
Warfighters are unique individuals who may put the mission and comrades ahead of themselves. For this reason, those with concussion do not always seek immediate medical care. It is through routine PDHAs that previous concussion may be identified or ongoing symptoms are reported. In delayed presentation such as this, efforts are made at normalizing the service members' sleep patterns. Following this, other potentially debilitating symptoms such as headaches and dizziness are addressed. Often requiring pharmacotherapy, headaches may also respond to alternative techniques such as physical therapy, occipital nerve blocks, or botulinum toxin injections (see Chapters 21 and 35, this volume). Dizziness and balance complaints (Hoffer et al. 2004) , often seen without vertigo following TBI, are evaluated using isobalance testing. If indicated, canalith repositioning is performed, or for noncandidates, habituation exercises are initiated. Data from the Naval Medical Center San Diego indicate that those with blast exposure are more likely to suffer constant vestibular symptoms, whereas those with blunt trauma experience intermittent problems (Hoffer et al. 2010) . A primary care model is used for early concussion management. Patients failing primary care management may be referred to one of 15 TBI specialty centers across the United States for further assessment and management.
Service members with concussion who are stationed at remote bases where TBI assets are limited may be treated via primary telemedicine initiatives.
Consults can be arranged via the Virtual TBI Clinic. Through video conferencing, patients at remote locations are seen by a TBI provider from an established TBI clinic. Recommendations are then made to the local clinician. Video follow-up can be scheduled as needed. A second mechanism utilizes e-mail for providers in areas that have less sophisticated conferencing capabilities. After seeing a patient with known or suspected TBI, the provider may send the de-identified history and physical to an e-mail account that is staffed by a variety of TBI experts. Recommendations are then forwarded to the provider, usually within 4 hours. This mechanism has been used successfully by providers both stateside and in the combat setting. Follow-up communication with the referring clinician is usually established within 30 days of the consult, serving as a quality assurance mechanism. With either of these mechanisms, patients exhibiting findings that raise concern can be scheduled for transfer to a more sophisticated medical facility.
The DVBIC has recently established the TBI Regional Care Coordination (RCC) program. Currently, all TBI patients evacuated from the combat setting are identified to the RCC staff. The patient is contacted immediately to confirm demographics and care needs. Patients are provided contact information for the RCC program. Additional contact with each patient is attempted at 3 months, 6 months, 1 year, and 2 years. During these telephone interviews, patients may discuss any ongoing issues and request additional guidance. Each RCC maintains a database of known TBI resources within its service region. Although referrals cannot be made directly from the RCC, the program is able to provide the patient with necessary information to facilitate care. 
RETURN-TO-DUTY CRITERIA
A service member's return to duty-both restricted and unrestricted-occurs after clinical assessment, treatment, and reevaluation of progress. Cases are individually reviewed and processed according to best practices. Though patients may have the same diagnosis, symptoms and treatment response are highly variable, thereby requiring careful consideration before duty restrictions are removed. It is important to evaluate cognition before return to duty. Efforts are under way to evaluate a practical cognitive assessment for such determinations. Computer-based cognitive testing should not be done until at least 24 hours postinjury. There are a variety of tools to test cognition. The Automated Neuropsychological Assessment Metrics (ANAM) has empirical data as well as some military normative values, making this a useful tool (Vincent et al. 2008) . As recommended by multiple professional societies and commissions, the Department of Defense recently mandated the use of the ANAM for baseline predeployment neurocognitive testing while other instruments are evaluated in a head-to-head study to evaluate their sensitivity and specificity for TBI. Computer-based cognitive testing can also be used following TBI to assess neurocognitive changes as part of a return-to-duty evaluation.
For settings in which computer-based cognitive testing is not available, the current military strategy for return to duty includes the MACE, which For settings in which computer-based cognitive testing is not available, the current military strategy for return to duty includes the MACE, which contains a validated screening tool, the Standardized Assessment of Concussion (McCrea et al. 1997) , that is used to evaluate athletes for return to play. The MACE is most sensitive for use immediately postinjury but has also been used days later to screen for improvement or decline in condition.
This tool has been widely distributed for use. Vestibular testing and exertional testing are highly valued examinations that should occur prior to consideration for return to duty. Much research is currently under way looking at the mechanism of injury and vestibular complications (dizziness, balance issues), length of symptoms, and the ability to return to work (Gotshall et al. 2007 ). Vestibular trauma is of concern because of its ramifications of service member's stability in activity, awareness of surroundings, and overall safety of oneself and colleagues. Dizziness is often the mTBI patient's primary disability (Hoffer et al. 2004 ).
Exertional testing is another vital component in the assessment steps for return to duty. Research in this specialty has mostly been done in the sports medicine arena or animal models (Griesbach et al. 2008) . Experts in sports-related TBI conclude that before one returns to play, he or she must be free of all postconcussion symptoms at rest and exertion (Cantu 2001 ) (see Chapter 27, Sports Injuries, this volume). Military exertional testing considerations include exercise to achieve 65%-85% of the target heart rate. Upon reaching the target heart rate, the patient is assessed for symptoms and cognition with an alternative version of the MACE. If the patient is asymptomatic and without cognitive dysfunction following exertion, return to duty can be considered.
REHABILITATION AND COMMUNITY REENTRY
Once medically stable, the small percentage of service members with severe or penetrating TBI undergo state-of-the-art rehabilitation at a VA polytrauma rehabilitation center or comparable civilian partner. These programs offer extensive multidisciplinary care for the improvement and progression of health and activities of daily living. Many return to functional status, but for those requiring ongoing care, options may include federally supported assisted-living or coma emergence programs. These programs are offered at select VA medical centers or DVBIC civilian partners.
Families often provide in-home care for these wounded warriors. The National Defense Authorization Act of 2007, Section 744, mandated the development of a family caregiver curriculum to "train family members in the provision of care and assistance to members and former members of the Armed Forces with traumatic brain injuries." This curriculum is currently being developed by a presidentially-appointed committee of subject matter experts.
Two civilian community reentry programs within the DVBIC network providing symptom management, cognitive therapy, and social skills have been instrumental in returning those patients with significant cognitive and behavioral issues to a home setting. In addition to therapy, these settings provide work trials that may increase the rate of gainful employment postdischarge.
Finally, technology is being levered to increase the independence in those service members with cognitive deficits. Pilot projects utilizing cell phones and personal assistive devices are under way. Using calendar and alarm functions, these devices are being tested as memory aids. Automated medication delivery systems that dispense only the appropriate dose and alarm at set dosing intervals are being evaluated in some care settings in an effort to increase medication safety and compliance.
FUTURE DIRECTIONS AND CLINICAL RESEARCH OPPORTUNITIES
In the fall of 2008, the Uniformed Services University of the Health Sciences (USUHS) opened the Center for Neuroscience and Regenerative Medicine with the goal of studying the effects and treatments of TBI and PTSD. Specifically, USUHS is establishing a consortium between Walter Reed National Military Medical Center, the National Institutes of Health, the Defense Center for Traumatic Brain Injury and Psychological Health, the Army Medical Research Command labs, and Navy labs. This network will work with USUHS as the coordinating center to accelerate regenerative medicine programs across these institutions so that fundamental studies are moved to translational laboratories and, in turn, this science will migrate quickly so as to advance development in a clinical setting.
The recently established DVBIC Armed Forces Institute of Pathology TBI Research Center focuses on translational applications of biophysics and neuropathology. The lab offers advanced imaging, including 7-tesla and 9.4-tesla MRI machines with the ability to perform cutting-edge magnetic resonance microscopy. The lab has obtained a CARS microscope that will allow for in vivo studies of the effects of blast on the brain. Driving simulation study to evaluate driving safety in patients with TBI In the summer of 2008, the VA's Office of Research and Development announced a request for applications for TBI-related projects, developed in part with recommendations from the State of the Art TBI conference held in May 2008 (www.research.va.gov/funding/solicitations/docs/TBI.pdf). The wide spectrum of TBI-related issues calls for an integrated research endeavor. Important efforts have begun in the VA, Department of Defense, National Institutes of Health, and DVBIC. The military and VA health care systems are committed to fully provide comprehensive programs required for optimal treatment of patients with TBI. More recently, collaborations with civilian partners (Massachusetts Institute of Technology, University of Florida, and others) has led to the development and improvement of technology that can further elucidate patterns associated with blast-induced TBI.
KEY CLINICAL POINTS
Traumatic brain injury (TBI) is a common war-related injury.
Explosions are a prevalent mechanism of combat-related injury, although primary blast brain injury appears to be a rare phenomenon.
TBI screening occurs at multiple time points during active duty and in veteran medical care.
Treatment algorithms that consider resource availability and tactical limitations drive TBI care in the combat setting.
